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(54) Preparation and bonding of workpieces to form sputtering targets and other assemblies 



(57) A sputtering target assembly (1) is fabricated 
by diffusion t)onding a target material plate (14) to a 
backing plate (12). The plates are cleaned in a vacuum 
environment, and an interlayer (6) is formed on one or 
more of the plates. The plates are then joined under heat 
and pressure, before an oxide layer can form on the join- 



ing surfaces of the plates. The plates may be sequen- 
tially processed through cleaning, interlayer deposition, 
and bonding chambers, all with vacuum environments, 
to form the finished part, or, a single chamber may be 
used to provide the cleaning, interlayer deposition and 
bonding functions. 
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Description 

The present invention relates to the diffusion bond- 
ing of workpieces to form composite structures. More 
particuiarty, the present invention relates to the diffusion 
bonding of workpieces, including large planar workpiec- 
es, to form sputtering target assemblies useful for the 
deposition of film layers on substrates. More particularly 
still, the present invention provides methods and appa- 
ratuses for fabricating a sputtering target assembly hav- 
ing a bond between the elements thereof which has high 
strength at high temperatures. 

The fabrication of integrated circuit devices on sub- 
strates requires the depositbn of film layers on sub- 
strates. These film layers may be provided by various 
techniques, among them sputtering. To provkJe a dep- 
osition layer by sputtering, the substrate is placed into 
a vacuum chamber having a sputtering target assembly 
therein. The sputtering target assembly includes a back- 
ing plate, which may form a structural component of the 
chamber, and a target material plate adhered to the face 
of the backing plate and exposed to the interk>r of the 
chamber. A cooling plate, through which a coolant may 
be flowed, may be affixed to the non-exposed side of 
the backing plate, to permit cooling of the target assem- 
bly. Demaray et. at. describe such a sputtering target 
assembly in U. S. Patent 5,433,835 and in U.S. Patent 
Application Serial No. 08/236,715 filed April 29. 1994. 
incorporated herein by reference. 

To sputter the target material plate, a plasma is 
maintained in the chamber and ions from the plasma 
bombard the target plate to free atoms or larger partk^les 
of target material from the target material plate. A portion 
of these freed atoms and particles deposit on the sub- 
strate to form useful film layers on the substrate. 

The rate at which the film layer forms on the sub- 
strate is a partial functk>n of the power density of the 
plasma. The higher the power density of the plasma, the 
greater the deposition rate of sputtered material on the 
substrate. To maximize the throughput of substrates 
through the chamber, the power density of the plasma 
should be maintained as high as possible within the ca- 
pabilities of the processing chamber. 

One limitation on the maximum power density of the 
plasma is the maximum acceptable temperature of the 
target assembly. The target material plate is typk:ally 
joined to the backing plate by f towing an indium-contain- 
ing solder over the target plate, and then pressing the 
backing plate against the molten sokier layer and the 
target material plate to form a mechanical solder joint 
between the two plates. When the resulting target as- 
sembly is placed in a chamber, the backing plate is at- 
tached to the walls or cover of the chamber, such that 
the target material plate is suspended in the chamber 
by the mechanical solder joint between the target ma- 
terial plate and the backing plate. Therefore, the solder 
joining the target material plate to the backing plate must 
be capable of supporting the mass of the target material 



plate hanging therefrom in the chamber. 

As the temperature of the target assembly ap- 
proaches 100**C, the indium solder becomes soft and 
its tensile strength drops significantly. At temperatures 
s significantly below 100**C, i.e., 20 to 60°C, the indium 
sokJer usually has sufficient strength to support the tar- 
get material plate without the target material plate creep- 
ing or otherwise separating from the backing plate. How- 
ever, if the solder between the target material plate and 

10 the backing plate is maintained at, or above, 100^*0 for 
a significant perkxi of time, the target material plate may 
creep from, and then separate from, the backing plate. 
Additionally, if the coefficients of thermal expansion of 
the target material plate and the backing plate are not 

^5 closely matched, the two plates will attempt to differen- 
tially expand along the joint between the plates. Be- 
cause the irKiium based solder has a relatively k>w shear 
strength, particularly at temperatures at, or above, 
100**C, the forces created by the differential linear ex- 

20 panskDn of the plates may be sufficient to shear the me- 
chancal sokier connection between the plates, even 
though the indium sokier may undergo significant plastk: 
strain before failure, again leading to separation of the 
target material plate from the backing plate. To prevent 

2S separation of the target material plate from the backing 
plate, the two plates must be manufactured from mate- 
rials having similar coefficients of thermal expansion, 
and the plasma power density must be maintained low 
enough to prevent overheating of the solder joint. 

30 To avoid the above-referenced limitations of indium 
based sokjers, target assembly fabrk^ators have used 
higher shear strength solders, such as tin-silver sokJers, 
as a mechanical joining material between the target ma- 
terial plate and the backing plate. Tin-silver solders have 

35 a significantly higher shear strength and tensile strength 
at higher temperatures as compared to the indium 
based solders, but they also have inherent fabrication 
limitations. In particular, the tin -silver solder does not 
wet as well, i.e., it does not flow over, and mechanically 

40 adhere to. all of the exposed surface of the areas to be 
joined with the solder, and shear forces created by the 
themial expansion mismatch between the target mate- 
rial plate and the backing plate cannot be accommodat- 
ed by any significant plastic strain as with indium sol- 

45 ders. Therefore, the solder joint will be created with sig- 
nificant higher stresses and normally a smaller portion 
of the joining area between the two plates will be bond- 
ed, i.e., more solder joint voids. If the area of the me- 
chanical solder joint has many vokjs, the joint may not 

so be capable of maintaining the target material plate on 
the backing plate, and the target material plate may sep- 
arate from the backing plate and fall into the chamber. 

Adhesives have been used to attach the backing 
plate to the target material plate. However, most adhe- 

ss sives are often unacceptable joining materials where the 
target assembly is used for integrated circuit device fab- 
rication, because the adhesives outgas volatile compo- 
nents and chain molecules when exposed to a vacuum. 
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These butgassed materials would contaminate a depo- 
sition tayer used to fabricate an integrated circuit devic6. 
Therefore, adhesive t>onded target assemblies may be 
used mainly for non-integrated circuit device fabrication, 
such as for forming film layers on architectural glass. 

One alternative to the use of adhesives and solders 
for joining a target material plate to a backing plate is 
diffusion bonding. Diffusion bonding is a method of join- 
ing workpieces of similar or dissimilar materials to pro- 
vide a composite structure which has, for example, high 
strength characteristics on a portion thereof, but high 
wear resistance characteristics on arK)ther portion 
thereof. Diffuskxi bonding has been used in the aero- 
space industry for several decades to form composite 
structural members for aircraft wings and other airframe 
components. Unlike sokler or other mechanical joining 
means, a drff usk>n fc>ond includes actual atomic diffusion 
of the materials being joined into each other. 

United States Patent No. 5,230.459 discloses a bi- 
metallic sputtering target assembly wherein a target ma- 
terial plate of one material is diffusion bonded to a back- 
ing plate of another material The target assembly in- 
cludes a backing plate fomned of one material, arKJ a 
target material plate formed of the sputtering material. 
A plurality of ridges are provided on the joining surface 
of the target material plate such that, when the target 
material plate is forced into intimate contact with the 
backing plate, the ridges dig into the adjacent surface 
of the backing plate. The ridges must be present to allow 
the surface of the backing plate to be disrupted by the 
engagement of the ridges therewith, because an oxide 
layer whk:h forms on the backing plate surface must be 
disrupted to allow intimate contact between the backing 
plate and the target material plate. Without intimate con- 
tact between the materials of the two plates, atomic dif- 
fusion, and thus bonding, will not occur between the two 
plates to form the diffusion bond. Therefore, this joining 
method requires significant forces and significant unit 
loading of the backing plate and the target material plate 
in order to force the ridges through the oxide layer 

The traditk>nal methods of forming film layers on 
substrates, including sputtering, have been incorporat- 
ed into the fabrication methods used to create flat panel 
displays. Today, four 1 1 .25" (286mm) diagonal flat panel 
displays are fabricated from a glass substrate typically 
sized on the order of 400mm by 500mm or larger The 
displays are fabricated by cycling a glass substrate of 
the above mentioned size through traditional deposition 
and etch cycles to form four display circuit devices on 
the substrate. Because of the size of the substrate, only 
a few flat panel displays may be fabricated at one time. 
The sequential fabrication of glass substrates is time 
consuming, but is necessitated by the sizes of traditional 
device fabrication equipment because the surface area 
of the sputtering target must normally be larger than the 
surface area being sputter coated. For example, if the 
substrate is sized to simultaneously fabricate four 1 1 .25" 
diagonal flat panel displays on a single substrate, the 



sputtering surface area of the target must be larger than 
approximately 500mm by 600mm. Likewise, if the sub- 
strate is sized to provide nine 11 .25" diagonal flat panel 
display devices on one substrate, the target must be 
s larger than approximately 700mm by 870mm. 

The solder and adhesive joining systems are not 
entirely acceptable for target assemblies on the order of 
700mm by 870mm for flat panel display fabrk^ation. The 
adhesive joining system is unacceptable because the 
10 adhesives may release materials into the sputtering 
chamber which woukj contaminate the sputtered film 
layer The solders are also unacceptable because a) 
larger plates will undergo significant more deflectkxi due 
to thermal expansion mismatch between the target ma- 
is terial and the backing plate, resulting in larger shear 
stresses than the solder joint can sustain, and b) larger 
plates are also more difficult to handle and more voids 
are likely in the solder joint resulting in more sites where 
failure can originate. With increased deflection of the 
^ plates and corresponding significant larger shear 
stresses, the indium solder is more likely to fail and allow 
the target material plate to separate from the backing 
plate in the chamber The silver based solders are like- 
wise unacceptable because the wetting problem asse- 
ss ciated therewith is exacert>ated by the substantially larg- 
er target size. 

The diffusion bonding fabrication procedure dis- 
closed in United States Patent No. 5,230,459 may be 
used to form target assemblies where the diameter of 
30 the sputtering target is on the order of 250 mm in diam- 
eter As the target diameter becomes larger, the area of 
the backing plate and target plate whk:h must be joined 
increases as the square of any increase in target diam- 
eter At a certain point, the force necessary to push the 
3S ridges through the adjacent surface of the backing plate 
will exceed the capacity of most bonding presses. 
Where the target assembly is used to form film layers 
on semiconductor substrates, which typically are no 
greater than 200 mm in diameter, the magnitude of the 
40 force needed to force the ridges into the backing plate 
may be obtained using standard presses in a vacuum 
furnace. However, if the target is to be used for larger 
substrates, such as flat panel display substrates, the 
force required to bond the larger target material plate 
45 and backing plate may exceed the capacity of existing 
presses. Therefore, this diffusion bonding method is im- 
practicable for larger targets. 

Additionally, this txsnding method has limited appli- 
cability where the materials being joined are either sub- 
so stantially soft or brittle because the forces needed to 
bond the parfs may be great enough to cause perma- 
nent deformation of the parts or fracture of the material. 
Moreover, the temperatures needed to bond the parts, 
on the Older of 500*0. when combined with the time of 
55 the materials at that temperature, may detrimentally 
change the metallurgical characteristics of the materi- 
als, such as by allowing the materials to pass through 
phase changes, or excessive grain growth. 
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Therefore, there exists a need in the art to provide 
apparatus and methods for fabricating sputtering target 
assemblies which provide a strong, high temperature 
capable bond between the target assembly elements 
while minimally affecting the integrity of the bonded ma- 
terials. 

The present invention provides methods and appa- 
ratus for the diffusion bonding of workpieces, including 
targe scale planar workpieces or substantially planar 
portk>ns of workpieces having out-of-plane portions that 
are not to be bonded. The bonding is accomplished with 
increased efficiency and reduced cost. In a first embod- 
iment erf the invention, the workpieces are cleaned by 
ion-bombardment etching, and an interlayer is prefera- 
bly formed on one of the workpieces by sputtenng. Both 
the ton bombardment cleaning and the sputtering are 
carried out in an oxygen-free, or nearly oxygen-free, en- 
vironment, to prevent or substantially limit the creation 
of an oxide layer on either workpiece. The workpieces 
are then transferred, under oxygen-exciuding condi- 
tions, into a bonding press where the kxKKiing surfaces 
of the workpieces are contacted under pressure and 
temperature to fonm a diffuskxt bond between the two 
workpieces. 

In a second embodiment of the inventk>n, the bond- 
ing press uses members having different coefficients of 
thernrtal expansion to supply the force, and thus the nec- 
essary unit force (pressure) at the adjoining areas of the 
workpieces, for diffusion bonding. Further, the press in- 
cludes differential loading members whrch may be used, 
if necessary, to deform the workpiece during the diffu- 
sion bonding operation so that the resulting bonded 
member returns to the desired shape and flatness as it 
cools. 

In a third embodiment of the invention, one of the 
structural components being bonded is configured as a 
sputtering target in a vacuum enclosure, and the second 
structural component is loaded into the vacuum enclo- 
sure. The two components are sputter cleaned, and 
then the first structural component is sputtered to de- 
posit a layer of material sputtered from the first member 
onto the second member. Once the sputtering is com- 
pleted, the two workpieces are brought together under 
pressure to join them into a monolithic member. The 
monolithic workpiece is removed, and a new pair of 
workpieces are placed Into the chamber for processing. 

These and other features and advantages of the in- 
vention will become apparent from the description of the 
embodiments, when read in conjunction with the follow- 
ing drawings, wherein: 

Figure 1 Is a perspective view, partially in section, 
of a sputtering target assembly which may be man- 
uf^tured using the vacuum handling tool of the 
present invention; 

Figure 2 is a top view, partially in section, of a vac- 
uum handling tool for preparing and bonding togeth- 
er two workpieces; 



Figure 3 is a perspective view, partially in section, 
of the toadlock chamber of the vacuum handling tool 
of Figure 2; 

Figure 4 is a sectional view of the cleaning chamber 
s of the vacuum handling tool of Figure 2 at 4-4 show- 
ing the target material plate positioned therein for 
the cleaning of the upper surface of the target ma- 
terial plate thereof; 

Figure 5 is a sectional view of the cleaning chamber 
of Figure 2 at 5-5 showing the backing plate sus- 
pended in the chamber for cleaning of the underside 
thereof; 

Figure 6 is a partial perspective view of the backing 
plate support system of the cleaning chamber of 
Figure 5; 

Figure 7 is an additional partial perspective view of 
the backing plate support system of the cleaning 
chamber of Figure 5; 

Figure 8 is a sectk>nal view of the deposition cham- 
ber of the vacuum harxiling tool of Figure 2 at 8-8; 
Figure 9 is a sectional view of the bonding chamber 
of the vacuum handling tool of Figure 2 at 9-9; 
Figure 10 is a sectional view of a loading member 
of the bonding chamber of Figure 9; 
Figure 11 is a sectional view of an alternative em- 
bodiment erf the bonding chamber of the present in- 
vention in the sputter position; and 
Figure 1 2 is a sectkxial view of the alternative em- 
bodiment of the bonding chamber of Figure 10 
shown in the bonding positk)n. 

The present invention provides multiple embodi- 
ments of diffusion bonding apparatuses and methods 
for preparing structures, such as sputtering targets, from 
indivKlual workpieces using diffusion bonding tech- 
niques. Although the embodiments of the invention are 
primarily illustrated and described with respect to planar 
structures. Including the sputtering target assembly 1 
shown In Figure 1 , the apparatuses and the methods of 
the present invention may also be used to join together 
non -planar members. Additionally, the present invention 
provides methods and apparatuses useful for diffusion 
txjnding workpieces used in many industries, and is not 
limited to the semiconductor wafer processing, flat panel 
display processing or the sputtering target industries. 

THE EXEMPLARY STRUCTURE, A TWO PIECE 
TARGET ASSEMBLY 

Referring to Figure 1 , an exemplary target assem- 
bly 1 which may be prepared using the apparatus and 
methods of the invention is shown in a partially cutaway 
perspective view. The target assembly 1 includes a 
backing plate 12 bonded to a target material plate 14. 
An interlayer 6 is provided between the target material 
plate 14 and the backing plate 12. The perimeter 7 of 
the backing plate 1 2 extends outwardly from the perim- 
eter 9 of the target material plate 1 4, to create an annular 
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mounting flange 11 for mounting of the target assembly 
1 within a sputtering chamber. The sputtering target as- 
sembly 1 may be used for semiconductor device fabri- 
cation, including semiconductor wafer and flat panel dis- 
play substrate film layer deposition, wherein the rrK)unt- 
ing flange 11 is used to mount, and suspend, the target 
assembly 1 in the chamber. Additionally, a cooling plate 
(not shown), having a plurality of cooling channels there- 
in, may be located on the back side of the backing plate 
1 2. The cooling plate may be adhered to the back of the 
backing plate with sokler or adhesives. physical means 
such as screws, or with the diffusion bonding techniques 
described herein. The joint between the backing plate 
12 and the cooling plate is not exposed to the chamber 
conditions, and therefore adhesives may be used. By 
flowing chilled water, or other coolant, through the cool- 
ing plate, the temperature of the target assembly 1 may 
be controlled. 

THE PROCESSING SEQUENCE AND APPARATUS: 
AN OVERVIEW 

Generally, the bonding process of the present in- 
vention includes the steps of cleaning the bonding sur- 
faces of each of the workpieces to be bonded together, 
forming an interlayer of a selected material on the 
cleaned surface of at least one of the workpieces, and 
then t>onding the two workpieces together at their bond- 
ing surfaces. Figure 2 shows one emtxxJiment of the in- 
vention, wherein a vacuum handling tool 10 having mul- 
tiple work statkxis. or chambers, is provided for perform- 
ing each of the steps of cleaning, forming an interlayer 
on, and bonding of the workpieces. Specifically, the con- 
figuratk>n shown in Figure 2 reflects a series of work sta- 
tions for loading a target material 1 4 at loading work sta- 
tion 400, cleaning the target material 1 4 at cleaning work 
station 100, forming an interlayer on the target material 
at deposition work station 150, and bonding the target 
material 14 with a backing plate 12 at a bonding cham- 
ber work statbn 200. The backing plate 12 enters the 
system through a loading chamber 402 and is subse- 
quently cleaned at cleaning work station 1 02 before en- 
tering the bonding chamber work station 200. 

Each of the aforementioned process steps is pref- 
erably performed in a vacuum, or in a reducing or non- 
oxidizing environment, and the workpieces are prefera- 
bly maintained in the vacuum or reducing environment 
both during the processing steps and as they are shut- 
tled between process apparatuses configured to pro- 
vkJe the process steps. In the preferred embodiment of 
the inventton, the backing plate 12 and target material 
plate 14 are the workpieces joined in a vacuum handling 
tool 1 0. The vacuum handling tool 1 0 includes a plurality 
of dedicated work stations, or chambers, in which indi- 
vkiual.processes are performed on the backing plate 1 2 
and target plate 14 to prepare them for bonding, and a 
bonding chamber 200, within which the tracking plate 
1 2 and target material plate 14 are brought together un- 



der heat and pressure to diffusion bond them together 
into a target assembly 1 . 

In the embodiment of the invention described herein 
with reference to the vacuum handling tool 10, only two 

5 members, i.e.. the backing plate 12 and the target ma- 
terial plate 14, are joined tn the cluster tool 10. However, 
the vacuum handling tool 1 0 may be modified, as will be 
further described herein, to prepare, and bond together, 
three or more workpieces. such as a backing plate 12, 

10 a target material plate 14 and a cooling plate (not 
shown). 

To join two workpieces. such as a backing plate 12 
and a target material plate 1 4, the vacuum handling tool 
10 includes two cleaning chambers 100, 102, one inter- 

15 layer deposrtksn chamber 1 50, and one bonding cham- 
ber 200. all of which are linked by a substrate transfer 
system. To perform the bonding of the workpieces, the 
backing plate 12 is k>aded, through a load lock chamber 
402, having vacuum slit valves at either end, i.e., at the 

20 entrance to the loadlock chamber and at the interface 
with cleaning chamber 1 02. The target material plate 1 4 
is then loaded, through a second loadlock chamber 400, 
into the other cleaning chamber 100, Both the backing 
plate 12 and the target material plate 14 are sputter 

25 cleaned, in a non-oxidizing environment, to provide ox- 
ide-free surfaces thereon for bonding. The target plate 
14 is then moved into an interlayer deposition chamber 
1 50 by the substrate transfer system 300, preferably into 
a sputtering chamber, where an interlayer 6 approxi- 

30 mately 1 .0 micron thick is deposited on the cleaned sur- 
face of the target plate 14 by sputtering a target 15 (fig- 
ure 8) in the chamber. The backing plate 12 and target 
material plate 1 4 are then transferred by the substrate 
transfer system to a bonding chamber 200. where they 

35 are joined, under heat and pressure, such that the clean 
surface of the backing plate 12 is joined to the interlayer 
coated surface of the target material plate 14 to form a 
unitary target assembly 1 which is then removed from 
the lx>nding chamber 200 for use. 

40 

THE WORKPIECE TRANSFER ASSEMBLY: AN 
OVERVIEW 

The workpiece transfer assembly is provided in the 
45 vacuum handling tool 10 to move the workpieces, such 
as the backing plate 12 and the target material plate 14, 
within the various chambers in the vacuum handling tool 
10. Referring generally to Figure 2, the individual, non- 
bonding, chambers of the vamum handling tool 10 are 
so provided in two intersecting paths learing to the bonding 
chamber 200, such that the target material pale 14. and 
the backing plate 12, each pass through a plurality of of 
dedicated process chambers as they are prepared for 
bonding. The workpiece transfer assembly is provkJed 
55 to move the backing plate 1 2 and target material plate 
14 through the intersecting paths, and it includes there- 
fore a plurality of sets of rollers 302 (best shown in Fig- 
ures 3, 4. and 8) disposed in each of the loadlock and 
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process chambers, and a pair of magnets 303 disposed 
on either side of each of the sets of loadlockand process 
chambers and moveable along the exterior of the 
aligned chambers. Sets of rollers 302 are provided on 
either side of each of the two loadlock chambers 400, 
402. the two cleaning chambers 100, 102, the interlayer 
deposition chamt>er 1 50, and the bonding chamber 200. 
To magnetically couple the backing plate 1 2 and the tar- 
get material plate 1 4 to the magnets 303, magnetic dps, 
or other similar devices, are attached to the sides of the 
backing plate 1 2 and the target material plate 14 before 
they are loaded Bito the vacuum handling tool 10. 

To move the backing plate 1 2 and target material 
plate 14 between the aforementioned chambers, the 
isolation slit valves, selectively closing the workpieces 
transport path, between adjacent chambers are 
opened, and the magnets 303 on the exterbr of the 
chambers are moved linearly along the aligned cham- 
bers to magnetically drag the backing plate 12 and the 
target material plate 14 over the rollers 302 and thus 
through the loadlock and processing chambers. Once 
the backing plate 12 or the target material plate 14 is 
received in the proper location in the next chamber in 
the aligned chambers, movement of the magnets 303 is 
stopped to prevent further movement of the backing 
plate 1 2 or target material plate 1 4. To move the mag- 
nets 303 to precisely position the tracking plate 12 and 
the target plate 14, the magnets 303 may be configured 
as nuts received over lead screws, or other linear posi- 
tioning means, tn order to change the linear position of 
the magnets 303 on the sides of the chambers. 

THE LOAD LOCK CHAMBER CONRGURATION 

The individual chambers of the vacuum handling 
tool 10 are preferably maintainable in isolation from the 
conditions existing outside of the chambers, so as to re- 
duce the pumping needed to maintain the chambers at 
the proper vacuum pressure for processing. Therefore, 
each chamber in the vacuum handling tool preferably 
includes an isolation valve at the indrvkJual chamber in- 
let and outlet. Therefore, either load lock chamber 400 
or 402 is provkJed with vacuum slit valves at either end 
and vacuum pumps. 

Referring now to Figure 3, the constructk>n of load 
lock chamber 400 is shown. The preferred configuration 
of load lock chamber 402 is identical to that of load lock 
chamber 400. The load kx;k chamber 400 is ported to a 
vacuum pump 404. such as a cryogenk: or turkx> pump, 
capable of pumping the chambers 400, 402 down to a 
pressure on the order of 10"^ to 10 ® torr. The vacuum 
pump is configured to pump the vacuum chamber 400 
to this vacuum after each backing plate 1 2 or target ma- 
terial plate 14 is loaded into the respective load lock 
chamber 400, 402. To increase the cycle time of the vac- 
uum handling tool 10, the backing plates 12 are prefer- 
ably loaded into the load lock chamber 400 from work- 
piece cassettes (not shown) capable of holding multiple 



workpieces, i.e., multiple target material plates 14 and 
backing plates 12, in a vacuum environment. Thus, the 
load lock chambers 400, 402 need not be pumped down 
to the aforementioned vacuum pressure from atmos- 
5 pheric pressure after each target material plate 1 4 and 
backing plate 12 is k>aded into its respective load look 
chamber 400 and 402. A robot paddle, welt known in 
vacuum handling tools for processing flat panels, can 
transfer workpieces between the system and the cas- 
10 settes. 

THE SPUTTER CLEANING CHAMBER 

Referring now to Figures 4 and 5. the details of con- 

75 struction of the target-material-plate and backoig-plate 
cleaning chambers 100 and 102 respectively are 
shown. The vacuum handling tool 10 is preferably con- 
frgured to prepare the upper surface of the target mate- 
rial plate 14 and the lower surface of the backing plate 

^ 1 2 for joining. This necessitates cleaning the underskle 
of the t>acking plate 12 by suspending the backing plate 
1 2 in the cleaning chamber 1 02. Except as noted herein, 
the operation and constructk>n of the target-material- 
plate cleaning chamber 100, shown in Figure 2, is kJen- 

25 tical to that of the t>acking-plate cleaning charrtber 102. 
The main difference between the backing-plate cleaning 
chamber 102, and the target-plate cleaning chamber 
100, is that the cleaning action, i.e., ion tx>mbardment, 
is maintained below the backing plate in the backing- 

30 plate cleaning chamber 102, whereas the cleaning ac- 
tion is maintained above the target material plate 14 in 
the target-plate cleaning chamber 100. Thus, the target 
material plate 1 4 is cleaned on the upper surface 20 (fig- 
ure 1) thereof in the target-material-plate cleaning 

35 chamber 100, and the bottom surface 22 (figure 1) of 
the backing plate 12 is cleaned in the backing-plate 
cleaning chamber 102. Thus, when the backing plate 1 2 
and the target material plate 14 are ultimately joined in 
the txxiding chamber 200, their cleaned surfaces will 

40 adjoin one another without the need to turn one of the 
target material plate 1 4 or backing plate 12 over before 
it is placed in the bonding chamber 200. 

Backing-plate cleaning chamber 1 02 includes a bell 
housing 110 (figure 5) extending downwardly from a 

45 base 112. a roller support member 312 selectively ex- 
tendable from each of the sides of the chamber 102, a 
cathode 106 disposed between the rollers 302 and the 
charTH3er cover 108, and a gas inlet 116 (shown only in 
Figure 5) and a gas outlet 118 (shown only in Figure 5). 

50 Additionally, the chamber 102 includes isolation valves 
at the chamber inlet and outlet, which are maintained in 
a closed posit k>n except when a backing plate 1 2 is be- 
ing moved into, or from, the chamber 102. 

To move the backing plate 12 into the cleaning 

55 chamber 1 02 for processing, the backing plate 1 2 is first 
loaded into the load lock chamber 402 and onto the 
aforementioned opposed sets of rollers 302. The isola- 
tion valve between the load lock chamber 402 and the 
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cleaning chamber 102 is opened, and the magnets 303 
are moved to roti the t>acktng plate 1 2 on the rollers 302 
and into the cleaning chamber 102. 

Once the backing plate 1 2 is positioned in the clean- 
ing chamber 102, the rollers 302 must be moved out of 
their position beneath the backing plate 12 to allow the 
full width of the underside of the backing plate 12 to be 
sputter cleaned. However, the rollers 302 support the 
backing plate 12 as it is rolled into the chamber 102, and 
therefore a secondary means must be provkied to sup- 
port the backing plate 1 2 in the chamber 1 02. To provide 
this support, the Ijacking plate cleaning chamber 102 
includes a plurality of backing plate lifter apparatuses 
122 a-d (two of which are shown in Figure 5, all four 
shown in Figure 2), a plurality of backing plate suspen- 
sion members 124 a-d (a portion of all four shown in 
Figure 2) and a plurality of roller retraction members 1 26 
a-d {a portion of all four shown in Figure 2) connected, 
through the side walls of the backing-plate cleaning 
chamber 102, to the rollers 302. A pocket 123 is provki- 
ed on either side of the backing-plate cleaning chamber 
102, into which the rollers 302 may be retracted by the 
retraction members 126 a-d during cleaning operatk>ns 
as will be further described herein. 

As best shown in Figures 5, 6 and 7, to properly 
position the backing plate 1 2 in the backing-plate clean- 
ing chamber 102, the lifter apparatuses 122 include lift 
actuators 128 a-d (two of which are shown in Figure 5) 
and lifter rods 1 30 a-d (two of whk:h are shown in Figure 
5) terminating inwardly of the chamber 102 in a lifting 
blade 132 a-d. Once the backing plate 12 is properly 
positioned in the backing-plate cleaning chamber 102 
by the magnets 303, the lift actuators 128 move the lift 
rods 130 from the retracted position shown in Figure 5 
downwardly to a positk>n wherein the upper surface of 
the blades 132 are located adjacent an end of the back- 
ing plate 1 2 and below the lower surface 22 of the back- 
ing plate 12 as shown in Figure 6 The actuators 128 
(not shown in Figures 6 and 7) then rotate the lifter rods 
1 30 to position at least a portion of the blades 1 32 under 
the t>acking plate 12 as shown in Figure 7, and the ac- 
tuators then move the lifter rods 130 upwardly to lift the 
backing plate 12 off the rollers 302 and to the position 
of the backing plate 12 shown in Figure 5. Once the 
backing plate 12 is suspended in the chamber 102 by 
the lifter apparatuses 1 22, the rollers 302 are moved into 
pockets 1 23 in each of the side walls of the backing plate 
sputter clean chamber 102 by the roller retraction mem- 
bers 126. 

To ensure that the entire surface of the underside 
22 of the backing plate 1 2 is sputter cleaned, the backing 
plate suspension members 124 are configured and po- 
sitioned to support the backing plate 12 by its sides, so 
that the lifter blades 1 32 may be removed from the un- 
derside of the backing plate 12 during the sputter clean 
operation as shown in Figure 5. Preferably, the suspen- 
sion member 124 includes a plurality of suspension 
blades 125 having a semicircular engagement end 134 



(shown in Figures 6 and 7), and the backing plate 12 
includes a plurality of semicircular slots 136 (shown in 
Figures 6 and 7) in the sides thereof. When the backing 
plate 12 is lifted from the rollers 302, and pressed 
s against the cathode 106, the suspension members 125 
are moved inwardly from the sides of the backing plate 
cleaning chamber 102, such that their semk:ircular ends 
1 34 are received in the slots 1 36 in the sides of the back- 
ing plate 12. The blades 125 support the backing plate 
10 12 within the backing plate cleaning chamber 102, so 
that the lifting blades 1 32 may be removed from the un- 
derside 22 of the backing plate 12 and retracted such 
that the entire underside 22 of the backing plate 1 2 may 
be exposed to the plasma for cleaning. 

IS To clean the underside 22 of the backing plate 1 2 . 
a gas is flowed into the chamber 1 02 through the gas 
inlet 116 and the total chamber pressure is maintained 
at a desired pressure in the range of 10"^ to 10"^ torr by 
throttling the chamber exhaust 118. A voltage source. 

20 preferably an r.f. power supply 148, is wired directly to 
the cathode 106, and the chamber walls are grounded. 
Preferably, the lower surface 144 of the cathode 106 is 
nearly as large as the surface 22 of the backing plate 
12. When the r.f. power supply supplies an r.f. voltage 

2S to the backing plate 12 whk:h is pressed against the 
cathode 106, it excites the gas in the chamber 102 into 
an etch or cleaning plasma. This plasma cleans the tow- 
er surface 22 of the backing plate 12. 

The target-materiat-plate cleaning chamber 100 

30 (figure 4) is in all respects identical to the backing-plate 
cleaning chamber 102, except that in the target-n\ateri- 
al-plate cleaning chamber 100 the rollers 302 are fixed 
in position within the chamber, i.e., they may roll but are 
not retracted into the chamber walls, instead, the cath- 

3S ode 1 06 is lifted against the target material plate 1 4, and 
the target material plate 14 is supported by the cathode 
106 while the upper surface 20 of the target material 
plate 14 is sputter cleaned. 

Although the movement of the backing plate 12 

40 through the backing-plate cleaning chamber 102 has 
been described wherein the backing plate 1 2 rides di- 
rectly on the rollers 302. it may be desirable to provkJe 
rails, or other attachment members, to the sides of the 
backing plate 12. These rails, and not the underside 22 

45 of the backing plate 12 being cleaned in the chancer 
102, would ride on the rollers 302 so as to prevent con- 
tact of the underside 22 of the backing 1 2 with the rollers 
302. These rails could also provide the magnetic cou- 
pling with the magnets 303, and they could also be used 

50 in con junctk>n with the target material plate 1 4 to provide 
the magnetk; coupling of the target material plate 1 4 with 
the magnets 303. 



55 



THE INTERLAYER DEPOSITION CHAMBER 

The vacuum handling tool 10 of the present inven- 
tion preferably includes a single deposition chamber 
150 to provide a material interlayer 6 on the target ma- 
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teriat plate 14, For purposes of illustration, the process 
is descnbed with respect to forming the interlayer on the 
target material plate 1 4, although the backing plate 1 2 
may receive the interlayer 6. Additionally, if desired, the 
vacuum handling tool 10 may include an additional dep- 
osition chamber to form an interlayer on each of the tar- 
get material plate 1 4 and backing plate 1 2. Where three 
or more workpieces are joined, multiple interlayer dep- 
osition chambers are specifically contemplated to pro- 
vide interlayers on multiple workpieces, or on mult^le 
sides of Indivkjual workpieces. 

The interlayer deposition chamber 150 is shown in 
section in Figure 8, and it is preferably configured as a 
sputter deposition chamber, i.e., a chamber in whteh a 
material is sputtered from a target 15 maintained in the 
chamber and deposited on the upper surface 20 of the 
target material plate 14. A similar chamber for sputter 
depositing flat glass panels is disck>sed in the aforemen- 
tioned patents to Demaray et. af. The chamber 150 in- 
cludes an interlayer deposition chamber inlet 1 54 linked 
through the cleaning chamber isolation valve to the 
cleaning chamber 100 (as shown in Figure 2) and an 
interlayer depositk^n chamber outlet 156 linked to an 
isolation valve located between the interlayer deposition 
chamber 150 and the bonding chamt>er 200 (as shown 
in Figure 2). The target 15 is enclosed by the cover 152 
of the interlayer deposition chamber 1 50, and a work- 
piece transfer member, preferably the opposed sets of 
the rollers 302 and the magnets 303, is used to move 
the target material plate 14 into the bonding chamber 
200. The cleaning chamber 100 and interlayer deposi- 
tion chamber 1 50 are preferably maintained at the same 
pressure, so that the isolation valve primarily serves to 
prevent contamination between the chambers during 
the processing of the target material plate 14 in the in- 
dividual chambers of the vacuum handling tool 10. A 
high vacuum pump (not shown) is ported to the deposi- 
tion chamber to maintain the deposition chamber 150 at 
high vacuum pressure. 

To form the interlayer on the target material plate 
14, the interlayer deposition chamber 150 is first 
pumped to high vacuum, preferably between 1 0"® to 1 0"^ 
lorr, and a non -reactive gas species, preferably argon, 
is charged into the interlayer deposition chamber 1 50 to 
raise the chamber pressure up to approximately 10"^ to 
10-^ torr. The target 15 is maintained at a negative d.c. 
voltage while the chamber walls are grounded, which 
energizes the argon into a plasma. The argon ions in 
this plasma bombard the target 15 and sputter atoms or 
larger particles of target material 15 as the argon ions 
hit target 15. Preferably, the target 15 is configured in 
combination with a magnetron 1 62 to form a magnetron 
sputtering apparatus. Where the workpiece is a large 
rectangular member such as the target material plate 
14, the magnetron 162 preferably sweeps linearly 
across the back of the target 1 5 to distribute the plasma 
ion concentrating effect of the magnetron 162 over es- 
sentially the entire surface of the target 15. 



Once the interlayer 6 has been formed on the target 
material plate 14, the backing plate 12 and the target 
material plate 14 may be joined. However, where the 
materials being joined are highly oxidizable, oxygen in 

s the interlayer deposition chamber 1 50 or in the bonding 
chamber 200 will rapklty form an oxkie layer on the fresh 
interlayer 6 and on the freshly cleaned underside of the 
backing plate 12. To remove these oxide layers, an ox- 
ygen-getter gas such as CO is charged into the bonding 

10 chamber 200 to create an oxygen gettering environment 
on the clean backing plate 12 and interlayer 6 surfaces. 
Preferably, sufficient CO is maintained in the chamber 
to create a ratio of CO to CO2 in the chambers of 10® to 
10^- At these conditions, the free CO will getter the free 

IS oxygen in the chamber at a sufficiently rapid rate to re- 
move the oxkie layer from the backing plate 12 and in- 
terlayer 6 on the target material plate 14. The CO com- 
bines or strips the oxygen from the surfaces to form CO2 
which is then pumped away by a vacuum pump (not 

20 shown) ported on the bonding chamber 200. 

THE BONDING CHAMBER 

Once the interlayer 6 is formed on the target mate- 

25 rial plate 14. the backing plate 1 2 and the target material 
plate 14 are rolled into the bonding chamber 200 for 
bonding. Referring now to Figure 9. the bonding cham- 
ber 200 is preferably configured as a vacuum enck)sure 
having a base 201 , an outer wail 208 having at least two 

30 inlet slit valves 203a. 203b (not shown) and an outlet slit 
valve 205 extending therethrough, and a rib-stiffened 
cover 207. The vacuum enclosure surrounds a first plat- 
en 202 selectively positionable within the chamber 200, 
a second platen 204 disposed above the first platen and 

35 fixed to the cover 207 of the chamber 200. A backing 
plate manipulator 206 and a platen loading assembly 
210 are also provided. 

The backing plate manipulator 206 is provided to 
support the backing plate 12 in an elevated position 

40 within the bonding chamber 200, to permit placement of 
the target material plate 1 4 under the backing plate 1 2 
after the backing plate 12 is loaded into the bonding 
chamber 200. The backing plate manipulator 206 pref- 
erably includes a plurality of linearly actuable support 

45 members 212 a-d which are selectively extendable from 
the outside surface of the rib-stiffened cover 207 of the 
chcimber 200. Each of the support members 212 a-d in- 
cludes a stem 214 extending through the chamber cover 
207. The interior end of the stem 214 terminates in a 

50 hook portion 21 6. A bellows 21 8 extends ak>out the por- 
tion of each respective stem 214 extending from the 
chamber cover to prevent leakage past the position 
where the stem 214 extends through the chamber cover 
207, and a motor, not shown, is coupled to the upper 

56 portion of each stem 21 4 extending through the bellows 
218. 

As the backing plate 1 2 is placed into the bonding 
chamber and onto the first platen 202. the stems 214 of 
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the manipulator 206 are turned to locate the hook por- 
tions 216 under the backing plate 12. The motor is en- 
gaged to lift the backing plate 12 upwardly in the cham- 
ber 200, and the target material plate 14 is then placed 
on the first platen 202 by rolling the target material plate 
14 into the t>onding chamber 200 on the rollers 302. 
such that the upper surface 20 of the target material 
plate 14 faces the tower surface 22 of the backing plate 
12. Once the target material plate 14 is aligned under 
the t>acking plate 1 2. the stems 214 are actuated down- 
wardly to lower the backing plate 12 onto the target ma- 
terial plate 14 supported on the rollers 302. and the 
stems 214 are then turned to free the hooks 216 from 
interference with free movement of these two workpiec- 
es 12. 14 in the bonding chamt>er 200. 

Once the backing plate 12 and target material plate 
14 are properly positioned in the bonding chamber 200, 
the lower platen 202 is moved upwardly in the chamber 
200 by the platen loading assembly 210 to lift the target 
material plate 1 4 off the rollers 302 and to force the back- 
ing plate 12 and the target material plate 14 together 
against the upper platen 204. In the preferred embodi- 
ment, the loading assembly 210 includes a plurality of 
ram members 230. Referring now to Figures 9 and 10, 
each of the ram members 230 include an internally heat- 
ed rod 236 extending outwardly of an aperture 238 in 
the base of the chamber 200 and received against a cam 
242 (best shown in Figure 10.) Additionally, a bearing 
plate 240 extends circumferentially outwardly from the 
rod 236 intermediate of the upper end of the rod 236 
and the cam 242. A bellows 244 extends from the un- 
derside of the base of the chamber 200 to the bearing 
plate 240 to seal each of the apertures 238, and a spring 

241 extends from the underside of the base of the cham- 
ber 200 to the bearing plate 240 to bias the rod 236 out- 
wardly of the chamber 200. 

The ram members 230 each include a housing 260 
disposed on the exterior of the chamber 200, into which 
a pair of opposed, aligned, spindles 262, 264 (shown In 
Rgure 10) are piloted. Each of the spindles 262. 264 
terminates inwardly of the housing 260 in a cam 242 (a 
portion of shown in phantom in Figure 1 0) extending be- 
tween the inner ends of the spindles 262, 264. The cam 

242 is preferably a solid cylindrical member. The end of 
the rod 236 extending from the chamber 200 rides di- 
rectly against the outer cylindrical surface of the cam 
242, and the rod 236 is spring biased inwardly of the 
housing 260 with the spring 241 to maintain the end 
thereof extending from the chamber 200 in contact with 
the cam 242. The spindles 262, 264 are joined to the 
cam 242 in a position which is offset from the central 
axis of the cam 242. Thus, as the spindles 262, 264 are 
rotated, the position of the surface of the cam 242 en- 
gaged against the end of the rod 236 changes with re- 
spect to the chamber 200 base, thereby allowing move- 
ment of the rod 236 inwardly and outwardly of the cham- 
ber 200. 

To provide the conditk>ns necessary to cause diffu- 



sion tKHidtng between the interlayer 6 and the upper sur- 
face 20 of the target material plate 1 4 aruJ the tower sur- 
face 22 of the backing plate 12, the interlayer 6 and the 
upper surface 20 of the target material plate 1 4 and the 

5 tower surface 22 of the backing plate 1 2 must be forced 
together under heat and pressure. To provide the de- 
sired tK)nding temperature, each of the platens 202. 204 
is heated, preferably with an electrical resistance wire 
heater located in each of the platens 202. 204. to allow 

10 rapid attainment of a bonding temperature after the 
tracking plate 12 and target material plate 14 are re- 
ceived in the bonding chamber 200. To provide the de- 
sired load for t)onding. the rods 236 of the ram mernbers 
230 are configured to initially position the tower surface 

IS 22 of backing plate 12 against the interlayer 6 coated 
upper surface of the target material plate 14. and then 
toad the adjacent surfaces of the backing plate 1 2 and 
the target material plate 1 4. 

In the preferred embodiment of the invention, the 

20 load force for dtffuston bonding is provided by thermal 
expansion of the resistance-heated platens 202 and 204 
and also by heating the rods 236 with resistance wire 
heaters located therein or thereon, thereby also causing 
the rods 236 to thermally expand. Since the rods 236 

25 are fixed against linear expansion between the cams 
and the surfaces of the platens 202 or 204, the rods 236 
will become compressively loaded against the platens 
202 and 204 as their temperature is increased by the 
heaters. As a result, the backing plate 12 and the target 

30 material plate 1 4 become loaded together by an amount 
sufficient, at the elevated temperature created by the 
heaters in the platens 202, 204, and the rods 236, to 
provide a diffuston bond between the target material 
plate 14 and the backing plate 12. To ensure that the 

35 toad created at the lower surface 22 of the backing plate 
12 and the interlayer 6 coated upper surface 20 of the 
target material plate 14 is uniform, additional ram mem- 
bers 230 may be provided to additionally load the un- 
derside of the lower platen 202. Also, ram members 230 

40 may be provkled to additionally toad the upper surface 
of the upper platen 204. 

Each backing plate 12 and target material plate 14 
may be comprised of the same or different materials, 
including base materials and alloys, brittle materials, or 

4S may themselves be bi-metallk; members if desired. For 
example, where the target assembly 1 is used to deposit 
tantalum onto a flat panel substrate, the backing plate 
12 is preferably titanium or a titanium alloy, the target 
material plate 14 being tantalum. These materiais may 

so be interconnected by diffusion bonding using the meth- 
ods and apparatus disclosed herein. Preferably, the in- 
terlayer 6 material formed on the target material plate 
14 is composed of the material from which the backing 
plate 12 is fabrk:ated or any other high-diffusivity alloy 

55 thereof, or the interlayer Is formed of a relatively soft, 
conformal. material such as aluminum where the titani- 
um-made backing plate 12 can readily diffuse. In each 
instance, the sputtered interlayer 6 adheres metallurgi- 
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cariy to the target material plate 14. Therefore, the inter- 
layer 6 forms a continuous metallurgical extension of the 
upper surface 20 of the target material plate 14. Addi- 
tionally, the interlayer 6 is used to provide a more uni- 
form bonding surface on the upper surface 20 of the tar- 
get material plate 14. Typically, to provide relatively flat 
bonding surfaces on the target material plate 14 and 
backing plate 1 2, the two plates are ground on a grinder, 
such as a blanchard grinder, to a finish of approximately 
0.40 microns (16 finches) with a surface peak to valley 
height of approximately 1.2 microns. By depositing an 
Interlayer having a thickness of approximately 1 micron, 
the valleys between the peaks of the ground upper sur- 
face 20 of the target material plate are substantially filled 
to provide a more uniform upper surface 20 of the target 
material plate 14 for bonding. 

Referring now to Figures 11 and 12. an alternative 
embodiment of the bonding chamber of the present in- 
vention is shown, in which the process of cleaning and 
joining the target material plate 14 to the backing plate 
12 requires only one unitary process chamber 600 in 
which cleaning, sputter depositing and bonding are per- 
formed. The unitary process chamber 600 generally in- 
cludes a base 602 and a cover 604, joined at a seating 
flange connection 606. The sealing flange connectksn 
606 includes a lower flange 608 extending outwardly 
from the upper edge of the base 602, an upper flange 
610 extending outwardly from the lower edge of the cov- 
er 604, and a plurality of clamp members 614 engaged 
over both flanges 608. 610 to secure the flange in con- 
nected engagement. The base 602 further includes a 
platen 620 movabty supported in the base on a plurality 
of ram members 230 (previously described herein with 
respect to the bonding chamber 200) which may be ac- 
tuated to reciprocate the platen 620 between a retract- 
ed, or lowered, po&itk>n as shown in Figure 11, and an 
extended, or lifted, position as shown in Figure 12. Each 
of the ram members 230 include the internally heated 
rod 236 extending outwardly of an aperture 238 in the 
t>ase 602 of the chamber 600 and received against a 
cam 242. 

The cover 604 of the chamber 600 is attached to 
the aforementioned flanged connection 606, and further 
includes an upper ram member 230' and a magnetron 
structure 643. Upper ram member 230' has the same 
configuration as the ram members 230, except that the 
heated rod 236 thereof terminates in a load plate 252 
disposed inwardly of the chamber 600. 

In this alternative embodiment of the inventkxi, the 
backing plate 12 is used as a sputtering target to form 
a freshly sputtered material layer on the target materia! 
plate before the target material plate 1 4 and the backing 
plate 12 are diffusion bonded together. To form the tar- 
gel assembly 1 in the chamber 600. the target material 
plate 14 is placed on the platen 620 with the bonding 
surface 20 thereof exposed. A lower conformable, elec- 
trically insulating seal 644 is placed over the tower 
flange 608 of the chamber 600. and the flange 22 of the 



backing plate 12 is loaded over the first conformable 
seal 644 such that the backing plate 12 edge does not 
extend outwardly beyond the outer perimeter of the 
flange 608. To energize the backwig plate 1 2. a conduc- 

s tive strap (not shown) is affixed to the top side of the 
backing plate 12, such as by forming a terminal at the 
end of the strap and attaching the strap to the backing 
plate 12 with a threaded fastener. An upper conforma- 
ble, electrically insulating seal 646 is then placed over 

»o the top edge of the backing plate 1 2. and the chamber 
cover 604 is then placed over the second conformable 
seal 646. 

To secure the cover 604 over the chamber 600 low- 
er flange 608, each of the k>wer flange 608 and the up- 
'5 per flange 61 0 are semi-dovetail shaped in profile. The 
clamps 614 include a dovetail groove 61 5 therein, which 
allows the clamps 61 4 to be slid over the upper and tow- 
er flanges to affect a ctemp induced seal at the flanges 
608, 610. The clamps need only be sufficiently tight so 

20 as to allow the chamber to be pumped down toa vacuum 
pressure. As the chamber 600 is evacuated, the vacuum 
pressure exerted on the chamber cover and base will 
further load the flanges 608, 610 together to ensure the 
maintenance of a seal. TTie seals 644, 646. in addition 

2S to the gap between the edge of the backing plate 1 2 and 
the ends of the flanges 608, 610. allow the backing plate 
^2\obe electrically biased with respect to the base 602 
and cover 604 of the chamber 600 and hence with re- 
spect to the target material plate 14. 

30 By extending the backing plate 12 over the upper 
end of the chamber 600 and isolating it from the t>ase 
602 and cover 604. the backing plate 12 may be used 
as a sputtering target to form an interlayer on the target 
material plate 1 4 comprised of the backing plate mate- 

3S rial. To sputter the backing plate 12 and the target ma- 
terial plate 14, a gas is introduced to an evacuated 
chamber (vacuum pump not shown) formed by the base 
602 with the backing plate 12 of chamber 600, and the 
gas is excited into a plasma by an r.f . power supply as 

40 in the sputter cleaning chambers 100, 102 to provkJe 
ions to sputter clean the surfaces of both the target ma- 
terial plate 14 and the backing plate 12. Then, after the 
sputter cleaning step is completed, a negative d.c. volt- 
age is applied to the backing p late 1 2 to sputter the back- 
us jng plate and deposit a layer, or interlayer 6, of the back- 
ing plate material on the exposed surface of the target 
material plate 1 4. Once an interlayer of a sufficient thick- 
ness has been deposited on the upper surface 20 of the 
target material plate 14, the d.c. power is discontinued 

50 and cams 242 of the ram members 230 are operated to 
force the platen 620 upwardly to bring the interlayer 
coated surface of the target material plate 14, hot still 
from the fresh depositton. into contact with the sputtered 
surface of the backaig plate 12, also hot by the sputter 

55 action. Simultaneously, the ram member 230* on the 
cover 604 of the bonding chamber 600 is forced inwardly 
of the bonding chamber 600 by its cam to apply a force 
on the upper platen 252 to prevent excessive bending 
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of the target material ptate 14 and backing plate 12 as 
they are bonded. Then, the internal heaters in the rods 
236 are activated, to create the thermal loading of the 
backing ptate 1 2 and the target material plate 1 4 caused 
by thermal expanskm of the rods 236. Because the in- 
terlayer 6 is freshly formed on the target material plate 
14 in the same chamt>er 600 within which the bonding 
is performed, the bonding can be accomplished within 
seconds of the deposition of the interlayer in an oxygen 
excluding environment enabling joining of the backing 
plate 1 2 and the target material ptate 1 4 at relatively k>w 
pressures and temperatures. 

Figures 1 1 and 1 2 also show a further aspect of the 
invention wherein the ram members 230, 230* may be 
used, in conjunctk>n with the heat of t>onding, to provide 
target assemblies 1 having predictable thermal defor- 
mation characteristics. For example, where a titanium 
backing plate 1 2 is Ixxided to a tantalum target material 
plate 14, differences in the coefficients of thermal ex- 
pansion of the two materials can cause the target as- 
sembly 1 to become warped as it is cooled from an el- 
evated bonding temperature to room temperature. To 
reduce this warpage, the present invention specifically 
contemplates deforming the target material plate 1 4 and 
backing plate 12 at the elevated bonding temperature 
in the direction opposite to the cooling warpage, as 
shown in Figure 12, and allowing the target assembly 1 
to return to a flat profile as it cools from the elevated 
t>onding temperature to room temperature. This may be 
provided automatically, by allowing the rods 236 of the 
ram members 230, 230' to differentially load the upper 
and lower sides of the target assembly 1 . and thereby 
Induce a bend or warp in the target assembly at the el- 
evated temperature, but provide no differential load, and 
thus no bend or warp, in the target assembly 1 at an 
ambient temperature. The warp-free target assembly 1 
is made by plastically deforming the softer interlayer 6, 
i.e.. aluminum, using the differential load of the ram rods 
236 during the cooling cycle, hence a thermally stable 
target asssembty 1 may be manufactured. 

Using the methods of the present invention, and 
maintaining the plates 12, 1 4 in a vacuum as the plates 
are cleaned, interlayered and bonded, bonding temper- 
atures and pressures can be greatly reduced compared 
to prk>r art bonding temperatures and pressures. For ex- 
ample, when bonding a tantalum target plate 1 4 to a ti- 
tanium backing plate 12 using an aluminum interlayer 6 
by the methods of the present invention, a joint of great- 
er strength than conventkinal solder joints can be ac- 
complished at 350**C and 1 .0 MPa (1 45 psi). The prima- 
ry differences between the prior art and the present in- 
vention which allow this significant change are the elim- 
ination of oxides or other undesirable surfaces on the 
bonding surface of the workpieces being joined, and the 
deposition of a relatively uniform thrckness, relatively 
soft interlayer on one of the two plates 12, 1 4. Therefore, 
the bonding surfaces of the plates 12, 14, or of other 
workpieces. may be easily brought into intimate contact 



at much lower pressures as compared to the prk>r art. 

The present inventk>n is also well suited to manu- 
facturing structures such as sputtering targets 1 at lower 
cost than the prior art. First, the amount of interlayer ma- 

s terial. such as aluminum, which must be placed on the 
mating faces of the workpieces is significantly less than 
that required in the prior art. because the variation in 
thkikness of the interlayer is minimal. Further, the diffu- 
sion bond between backing ptate 12 and the target ma- 

10 terial plate 1 4 of the present invention has stronger ten- 
sile and shear strengths than the solder joints of the p nor 
art. Additk)nally, the process rs well suited to easy recy- 
cling of target assemblies 1 in which the backing plate 
1 2 has a higher melting temperature than the target ma- 

is terial plate 14. To recycle target assemblies 1 . or other 
workpieces, the used target assembly is placed into a 
furnace and the remaining portion of the target material 
plate 14 is melted from the target assembly 1. leaving 
behind the backing plate 12. The backing plate 12 is 

^ then chemk;ally cleaned, and k>aded into a cleaning 
chamber 100 for re-processing. Thus, the backing plate 
1 2 portion of the target assembly 1 Is recyclable, and 
only the target material plate 14 need be replaced to 
build a new target assembly 1 . Also, the target material 

25 plate 1 4 nnay be machined or ground off and the backing 
ptate 12 may be re-processed as prevk>usly discussed. 

The methods and apparatuses of the present inven- 
tion are also useful for decreasing the number of defec- 
tive structures, such as the target assembly 1. being 

30 manufactured, and also increase the flexibility in the 
types and configurations of the materials being joined. 
In particular, the materials forming the workpieces may 
have substantially different coefficients of thermal ex- 
pansion, or may have discrete portions thereof whrch 

3S have significantly different coefficients of thermal ex- 
pansion, and these materials may be used Interchange- 
ably in the same press without significantly changing the 
final configuration of the pari. Also, brittle-type target 
material plates 1 4 may be bonded by the methods de- 

40 scribed in the present invention since some sputtered 
films can adhere metallurgically to the brittle-type target 
material plate 14, and the low-temperature diffusran 
bonding process described herein, will subject the work- 
pieces to compressive k^ads. a loading suitable for brit- 

45 tie materials. 



Claims 

50 1. A method of bonding at least a first planar work- 
piece to a second workpiece at bonding suriaces 
thereof to form a monolithic member, comprising: 



cleaning the bonding suriaces of the workpiec- 
55 es in a non-oxkiizing cleaning environment; 

depositing an interlayer on at least one of the 
workpiece bonding suriaces in a non -oxidizing 
environment; 
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joining the workpiece surfaces under heat and 
pressure In a non-oxidizing environment to 
form a diffusion bond between the workpieces 
at the bonding surfaces; whereby 12. 
the workpieces are continually maintained in a s 
non-oxidizing environment during the steps of 
cleaning, depositing an interlayer on. and join- 
ing the workpieces. 



2. The method of claim 1 , wherein the environment in- 
cludes an oxygen gettering gas therein during at 
least some of sakS cteanaig, depositing and joining 
steps. 

3. The method of claim 2, wherein sard oxygen getter- 
ing gas includes carbon monoxide. 

4. The method of claim 1 , wherein said environment 
is maintained at a pressure of less than lO"^ torr 
during all of said cleaning, depositing, and joining 
steps. 

5. The method of claim 1 . wherein the step of joining 
the workpieces includes the further steps of: 

forcing the workpieces into contact at their 
bonding faces by providffig an equal toad on each 
workpiece at an ambient temperature. 

6. The method of claim 5, wherein the load is supplied 
to the workpieces by contacting at least one retract- 
able rod with each of the workpieces. 

7. The method of claim 1 , wherein the step of joining 
the workpieces includes the further step of contact- 
ing mutttpte rods with each of the workpieces. 

8. The method of claim 1 . wherein each of the steps 
of cleaning, depositing and joming k achieved in a 
single chamber 

9. The method of claim 8, wherein the step joining 
includes the steps of: 

configuring one of the workpieces as a sputter- 
ing target in a vacuum enctosure; 
locating a second of the workpieces in the vac- 
uum enclosure; and 

sputtering the first of the workpieces to deposit 
a layer of material sputtered from the first of the 
workpieces onto a second of the workpieces. 

10. The method of claim 9, wherein the first of the work- 
pieces is a backing plate for a sputtering target as- 
sembly, and the second of the workpieces is a target 
material plate for a target assembly. 

11. The method of claim 10, including the further step 
of moving the target material plate into engagement 



with the backing plate after sputtering the backing 
plate. 

The method of claim 11, including the further step 
of selectively heating a platen in the vacuum enclo- 
sure to support the target material plate in the cham- 
ber as the backing plate Is sputtered and for moving 
the target material plate into contact with the back- 
ing plate after the backing plate is sputtered. 

10 

13. An apparatus for diffusion bonding the joining sur- 
faces of at least a first and a second workpiece, 
comprising: 

at least one cleaning chamber for cleaning the 
joining surfaces of the workpieces; 
at least one film layer depositton chanr^er for 
forming a film layer on at least one of the 
cleaned surfaces; 
20 at least one bonding chamber for bonding the 

workpieces together at their joining surfaces 
under heat arid pressure; and 
isolation valves interconnecting the cleaning, 
deposition and bonding chambers to permit 
25 transfer of the workpieces between the cham- 

bers without exposing the workpieces to atnrK>s- 
pheric conditKMis. 

14. The apparatus of claim 13, further including a non- 
^ oxkJizing atmosphere in at least said bonding cfiam- 

ber. 

15. The apparatus of claim 13, further including: 

35 a first platen and a second platen received in 

sakJ bonding chamber, the first workpiece re- 
ceivable on said first platen and the second 
workpiece receivable on said second platen; 
and 

^ a load memt>er engageable against sakJ sec- 

ond platen and positionable to move said sec- 
ond platen to bring the joining surface of the first 
workpiece into engagement with the joining 
surface of the second workpiece. 

45 

16. The apparatus of claim 15, further Including: 

a second load member disposed in engage- 
ment with said first platen; 
50 sakj k>ad member and said second toad mem- 

l>er include load rods thereon; and 
a heating means for heating each of said load 
rods in said load member and said secorxl load 
member. 

55 

17. The apparatus of claim 16, wherein the heating 
means is capable of maintaining the temperature of 
the load rods in the load member at a different tem- 



20 
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perature than that of the load rods in the second 
toad member. 



18. The apparatus of claim 16. wherein a coefficient of 
thermal expansion of said load rods of said load s 
member is different than a coefficient of thermal ex- 
pansion of said load rods of said second load mem- 
ber. 



19. The apparatus of claim 15. wherein the workpieces io 
are joined to form a sputtering target assembly. 

20. A method of joining a sputtering target assembly 
from at least a target material plate and a backing 
plate, comprising the steps of: 



forcing the target material plate and the backing 
plate together at joining surfaces thereof under 
heat and pressure to enable diffusion bonding 
at the joining surfaces; and 20 
bending the target material plate and the back- 
ing plate at the diffusion bonding temperature 
and allowing the target assembly formed by 
t>onding the target material plate to the backing 
plate to change shape as it cools to an ambient 2S 
temperature. 



21. The method of claim 20, further comprising depos- 
iting a joining interlayer onto the joining surface of 
one of said target material plate and said backing 30 
plate prevk>us to said forcing step. 



22. The method of claim 21 , wherein the target material 
plate and the backing plate include planar joining 
surfaces; and 3S 

the joining interlayer is distorted by the step 
of bending the target nnaterial plate and backing 
plate at the diffusion bonding temperature and the 
joining surfaces return to a planar profile when the 
target assembly returns to an ambient temperature. 40 



23. The method of claim 22, wherein said joining inter- 
layer is not exposed to an oxidizing environment pri- 
or to and during saki forcing and bending steps. 

45 
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